We studied the occurrence of measles in vaccinated children from an urban area of GuineaBissau where measles causes high mortality. Vaccinated children who developed measles required more-intense exposure to become infected (they had a higher ratio of secondary cases [infected in the house] to index cases [infected outside the house]), had a lower mortality among secondary cases, and were less infectious (they generated fewer secondary cases than did unvaccinated children with measles). The attack rate among vaccinated children was significantly higher in households in which someone died of measles. Both severity of infection and development of measles in vaccinated children were related to intensity of exposure. Vaccine efficacy was 720/0, and 33% of cases occurred among vaccinated children; however, most mothers remained confident that vaccinated children get milder measles. Moreover, there was significantly greater vaccination coverage among younger siblings of vaccinated children who had contracted measles than among other children in the community.
When vaccinated children develop measles it is usually assumed that seroconversion did not occur because maternal antibodies neutralized the vaccine, because immunoglobulins were administered simultaneously, or because improper handling of the vaccine inactivated it [1] [2] [3] [4] . Numerous cases of "vaccine failures" have been noted in reports from developing countries [5, 6] . It is often claimed that such failures create a lack of confidence in the immunization program [7, 8] . Some investigators [6, 9] have therefore suggested that the age of the child at vaccination be raised to get a higher rate of seroconversion.
In an urban area of Guinea-Bissau, where measles has been a major source of child mortality [10] , an immunization program was introduced to control the disease [11] . Nonetheless, measles has continued to cause many deaths [12] , and many children are reported to catch measles after vaccination. The mothers, however, believe that vaccinated children contract a milder form of measles than do unvaccinated children. Because this notion may have implications for evaluating measles immunization programs, an epidemiological study was made of vaccinated and unvaccinated cases of measles.
Subjects and Methods
Background. The children of Bandim, a district of 6, 200 inhabitants in the capital of Guinea-Bissau, have been followed up since December 1978 as part of a nutrition and health project. Children less than three years of age are examined at three-month intervals. A birth and death registration has operated in the community since the beginning of the project [10] .
Measles vaccination. After a very-severe epidemic of measles in 1979 [10] , susceptible children from six to 83 months of age who came for reexamination in December 1979 were vaccinated against measles. After campaigns in 1979, 1980 , and 1981, 86%, 81070, and 86070, respectively, of the 1"\.1700 chil-dren between six and 35 months of age had been vaccinated against measles or had developed natural immunity after infection [11] . In accordance with international recommendations, the age of children at the time of vaccination was raised from six to nine months in the last part of 1981. Vaccinations were administered by local nurses who gave the vaccine im into the buttock. Different brands of Schwarz measles vaccine were received from the central store of the Ministry of Health.
Cases ofmeasles. The detection of cases of measles in Bandim has been described elsewhere [10, 12] . The group examined consisted of all individuals in Bandim who had had measles between January 1980 and February 1982, as well as persons registered in Bandim who contracted measles outside of the district during this period.
The diagnosis of measles was obtained from adult members of each house. Epidemiological data indicate that measles is not overdiagnosed by lay people in Bandim [10] .
Vaccination status. Children were considered to have been vaccinated against measles if a vaccination was indicated on their file card in the health center. Children vaccinated before six months of age and without a later revaccination were considered susceptible. At the time of the first vaccination campaign (December 1979), the health center did not yet have files for the children, and vaccinations wereonly noted on the child's growth card. Those children offered a vaccination but whose growth cards were not validated were classified as "vaccination suspected." There were nine such subjects, one of whom died of measles. In general, these cases were no different from other cases with a vaccination record, and they have, therefore, been grouped with vaccinated cases in the tables.
Exposure. The first child in a house to get sick was considered the index case. Children who got sick seven or more days after an index case were assumed to be secondary cases that had been infected in the house [10] . In 10 instances, no or only uncertain information on exposure could be obtained. Three of these children died, two of them outside of Bandim. Thirteen children, of whom three died, who were infected during hospitalization or during a consultation at a health center were treated as a special category [12] .
A house in Bandim may contain several households, each with its own head and each occupying one or more rooms. Because rooms have no ceilings 859 and walls do not reach the roof, air circulates between the rooms.
The secondary attack rate was defined as the percentage of children who were infected after exposure within the house. Retrospective information on who was present when someone in the house had measles was sought during a home interview. Children with no history of measles or of vaccination against measles virus were considered susceptible.
Vaccine efficacy. The efficacy of the vaccine was calculated according to the following formula:
Vaccine efficacy = (unvaccinated attack rate -vaccinated attack rate)/unvaccinated attack rate.
Serological studies. To test if lack of seroconversion is a common phenomenon, we collected blood on filter paper in January 1982, 19-43 days after the children had been vaccinated (December 1981). Nineteen percent of the children vaccinated in the selected period were not home when visited.
Blood specimens were kept at -20 C until tested. A test for IgG antibody was performed by the Ornithosis and Rubella Departments of the Statens Seruminstitut by using an ELISA technique similar to that described by Pedersen et al. [13] . The extraction of blood samples from filter paper was carried out in accordance with a previously published procedure [14] .
Interviews. If infection among vaccinated children creates a lack of confidence, this notion should be most readily identifiable among mothers whose children are not vaccinated against measles and/or among mothers of vaccinated children who have already developed measles infection. In December 1984 a systematic search for unvaccinated children was made in the child files of Bandim and in a neighboring district, Belem. We also tried to locate the mothers of all of the children who had been vaccinated and who had later developed measles.
Results
Mortality for vaccinated and unvaccinated children. During the period [1980] [1981] [1982] in Bandim, mortality among vaccinated and unvaccinated children and among guests and newcomers not previously registered at the health center was 14070 (table  1) . Most guests and newcomers were probably unvaccinated because there had been little vaccination activity in neighboring districts. Vaccinated children had a lower mortality (9070) than did either unvacci- 12151 (24) 21/75 (28) Among index cases, prior vaccination apparently reduced infectivity (table 4) . Vaccinated index cases generated fewer secondary cases among both vaccinated and unvaccinated children who were six to 83 months of age (P < .005 by Mantel-Haenszel; X 2 = 9.1).
There was an association between fatal measles infection and a high secondary attack rate (table 5) . In households in which an unvaccinated child died of measles, the secondary attack rate among the vaccinated children was 78070; this rate compares with nated children (14070) or the group of guests and newcomers (20070) . This difference was not statistically significant, however (P < .30 by Mantel-Haenszel [15] ; 1: = 1.4). The somewhat lower mortality among vaccinated children was not due to better nutrition in this group. Among children five to 23 months of age who were weighed at an examination two or fewer months before their attack of measles, 30 vaccinated children had a mean (±SE) weight for age of 88% ± 2070, in comparison with 90070 ± 4070 for 15 unvaccinated children.
Seropositivity after vaccination. Among children vaccinated at the age of nine months or older, 96070 (66 of 69) had IgG antibodies to measles virus (by ELISA) one month after vaccination. This is not the seroconversion rate, however, because some of these children may have had antibodies to measles before immunization. Prior vaccination at a veryyoung age may have led to the lack of measurable antibodies. Among children vaccinated when nine months of age or older, six had previously been vaccinated when four to six months old, and two had no antibodies; among 61 children with no previous vaccination, only one had no antibodies.
Age at vaccination/or children with measles. Of those vaccinated children who developed measles, 23070 had been vaccinated between the ages of six and eight months (table 2). Most of these children contracted measles before they could be revaccinated. Only one of the 12 children vaccinated before nine months of age died. Hence, there was no difference in mortality between these children and those vaccinated after nine months of age (four of 41).
Age at vaccination tended to be higher for vaccinated secondary cases; 62070 (16 of 26) of the secondary cases had been vaccinated at 12 months of age and older, whereas only 37070 of other children Vaccine efficacy. By using the 1980 and 1981 populations [11] as a basis, we found that the attack rate among vaccinated children six to 35 months of age was 4.4070 (40 of 900) and among unvaccinated children, 15.3070 (30 of 193). Vaccine efficacy was thus 71.6070. It is likely that the real vaccine efficacy was higher because some of the unvaccinated children may have been vaccinated during campaigns outside of Bandim and not have received documentation of the vaccination. Furthermore, many children were not vaccinated because they had traveled to rural areas. Because the risk of measles infection is lower in rural areas, vaccine efficacy would be higher if the location of the children's homes was taken into consideration.
Among children six to 35 months of age who were exposed at home (table 4), the attack rate was 88.9070 NOTE. Only children registered in Bandim are included. The oldest vaccinated child with measles was six years old. Although there was little difference in mortality between vaccinated and unvaccinated children when the total population was considered (table 1), a different tendency emerged when exposure was considered. All deaths occurred in households with several cases of measles and occurred virtually only among secondary cases within the house (table 7) . Among the secondary cases, the vaccinated children had a significantly lower mortality rate compared with the unvaccinated children and the guests and Table 5 . Secondary attack rate among vaccinated children in relation to the presence of fatal, unvaccinated cases of measles in the household. NOTE. Only households with several cases are included. Three vaccinated, secondary cases who died of measles had been vaccinated at nine, nine, and 28 months of age. Two other children, vaccinated at eight and nine months of age, died of measles. One of these children caught measles at the hospital. The other died outside of Bandim, and there is no information on how the child contracted measles. The oldest vaccinated child with measles was six years old.
Popular evaluation of vaccination. Two surveys were carried out to assess whether the occurrence of measles among so many vaccinated children had led to a lack of confidence in the measles vaccine. We asked 55 mothers in Bandim and neighboring Belem why their children had not been vaccinated against measles. None indicated a lack of confidence in the efficacy of the vaccine as the reason why they had not had their children vaccinated. The reasons given included the following: the child had been sick (n = 21), the family had traveled outside of the area (12), lack of information on age of vaccination (7), abscesses after injections (4), and fear of (illegal) charges for vaccination. With one exception, all 55 mothers indicated that they wanted their children to be vaccinated. When they were asked why they would vaccinate the child if the child could get measles anyway, 60070 (33 of 55) of the mothers stated that vaccinated children get milder measles. Two-thirds of these mothers had themselves seen such milder attacks of measles, whereas the other mothers had been told of such attacks by relatives or friends.
Mothers of 53 children in Bandim who had been vaccinated and who had later developed measles were equally favorable towards vaccination. All of the mothers wanted their children to be vaccinated. Thirty-five of these mothers had another younger child in the age-group for vaccination. Of these children, 95070 (33 of 35) had been vaccinated. This percentage was significantly better that that of 78070 (630 of 809) for other children registered in Bandim (P < .05; X 2 = 5.4).
Discussion
The occurrence of measles among vaccinated children has usually been interpreted as a result of an ineffective vaccine, and the age of children at the time of vaccination has been particularly studied [1] [2] [3] [4] [5] [6] . A young age at vaccination can explain only a small proportion of the many cases of vaccine failures in Bandim (table 2) . We have no immunologic information on the vaccinated children who developed measles in the period 1980-1982. The 96070 seropositivity rate found among children vaccinated at nine months of age or older, however, suggests that the vaccination conditions in this community are usually good.
If the vaccine were ineffective for all children, there should be no difference in the epidemiology of vaccinated and unvaccinated cases of measles. However, Aaby et al. several distinctive features suggest that vaccinated children have modified infection: (1) they seem less susceptible than do unvaccinated children because there are significantly fewer index cases among them; (2) vaccinated secondary cases have a lower mortality rate; and (3) vaccinated index cases may be less infectious because they give rise to fewer secondary cases than do unvaccinated index cases. The reduced susceptibility, milder infection, and lower infectivity suggest that some of the vaccinated children who develop measles have a degree of immunity. In serological studies of vaccinated children with mild infection it has been found that the children had secondary immune responses [16] [17] [18] .
Because secondary cases have a higher mortality than do index cases [10] , intensive exposure may increase the severity of the infection. Intensive exposure may also be important for developing measles among vaccinated children because they had a higher frequency of secondary cases than did unvaccinated children. Furthermore, the higher age at vaccination among secondary cases suggests that some vaccinated children develop measles only because they have been so intensively exposed.
The fact that exposure has not been taken into consideration is probably a major reason for the conflicting reports on whether vaccinated children have milder infections [4, 5, [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] . Secondary cases have more-severe infections, and secondary cases are overrepresented among vaccinated children. This finding would tend to reduce any group differences in severity between vaccinated and unvaccinated children (table 1) . When the comparison is restricted to secondary cases, the Bandim data clearly demonstrate that vaccinated children have a lower casefatality rate than do other children (table 7) .
The suggestion that measles infection in vaccinated children may be related to the intensity of exposure and that many children have some degree 01 immunity that secures a milder infection raises (3 number of questions for vaccination programs. Measles immunity is usually life long, and it has been assumed that vaccination-induced immunity would provide permanent protection [2] . It is therefore of. ten concluded that those vaccinated children whc later develop measles have not reacted to the vaccine. It is believed that such vaccine failure leads tc a loss of confidence in the vaccine [7, 8] . However, if vaccinated children do get a milder infection, mothers are likely to appreciate this fact and not con sider the program a failure. Where local culture as-sumes that measles catches you sooner or later, "mild measles" may indeed be a more-tangible result and a more-convincing argument for vaccination than is the "absence of infection."
The planning of measles immunization programs should consider their impact on survival and not only on the problem of vaccine failure. For example, one study suggested that immunization at eight and nine months of age would lead to the same number of averted cases of measles. Because vaccination at eight months of age would mean more cases of vaccine failure, vaccination was recommended at nine months of age [9] . If vaccinated children with measles have milder infections, however, it is possible that vaccination at eight months of age would lead to the largest number of averted deaths. This is particularly important in view of the observation that young children with measles have delayed, excess mortality [11] . In areas in which the incidence of measles among young children is high, a high frequency of vaccinated children with measles should not necessarily lead to raising the age at which vaccinations are given.
Apparently the conditions of overcrowding and intensive exposure that cause high measles mortality are th, "arne conditions that lead to a high rate of vaccine fa, reo As long as measles is only imperfectly controlled and severe cases are likely to occur in the community, it may indeed be impossible to prevent a significant proportion of vaccine failures. Under such social conditions, health education probably should not promise "no disease" nor more than a "mild disease" as the benefit of immunization.
